Introduction {#Sec1}
============

Severe acute respiratory syndrome corona virus 2 (SARS-CoV-2) was the pathogen behind coronavirus disease (COVID-19) that emerged from Wuhan in China and was rapidly spread across most of the nations worldwide. The disease presentation may range from an asymptomatic state to a severe pneumonia associated with acute lung failure \[[@CR1]\]. COVID-19 incubation period may range from 2 to 14 days. The usual presentation in COVID-19-positive patients has been fever, cough, shortness of breath, fatigue, loss of appetite, sputum production, joint pain, nausea, vomiting, and diarrhea. A large number of patients may not exhibit noticeable symptoms. A severe disease could be associated with fatal complications such as pneumonia, acute respiratory distress syndrome (ARDS), multi-organ failure, septic shock, disseminated intravascular coagulation, and ultimately leading to death \[[@CR2], [@CR3]\]. The total number of confirmed COVID-19 cases worldwide have risen to 6, 644, 011 with 391, 839 deaths as of 6 June 2020. India, a nation already been the diabetes capital of the world, has reported 236, 657 cases of COVID-19 with 6642 deaths \[[@CR4]\].

Angiotensin-converting enzyme 2 (ACE2) has been identified as a surface receptor responsible for SARS coronavirus (SARS-Co-V) invasion in human cells with direct interaction with its spike glycoprotein (S protein) \[[@CR5]\]. Moreover, a ten to twenty-fold higher affinity of ACE2 towards receptor-binding domain (RBD) of SARS-CoV-2 as compared with the RBD of SARS-Co-V has been suggested. This might be the plausible explanation of ACE2 serving as a receptor for SARS-CoV-2 invasion \[[@CR6]\]. Diabetes mellitus has already been a leading cause of morbidity worldwide, that is capable of affecting almost each and every system of the body \[[@CR7]\]. Consequently, a deregulated immune system might develop, predisposing to various infections in diabetic patients \[[@CR8]\]. ACE2 has anti-inflammatory effects, and its expression is found reduced in patients of DM possibly due to glycosylation. This might explain the occurrence of a severe acute lung injury and ARDS in diabetic patients. This makes diabetic population with or without other comorbidities susceptible to a higher morbidity and mortality due to COVID-19. A severe disease in such patients requires intensive approach to manage COVID-19.

The prevalence of diabetes in India is high, and paucity of data on its association with COVID-19 warrants identification of factors responsible for severe outcome in such patients. The present study was designed in this context to evaluate the association between glycemic control in diabetes mellitus patients with progression and prognosis of COVID-19 in patients admitted to the S.M.S. Medical College and Attached Hospitals, Jaipur, a premier tertiary care center in India. The study was also aimed at evaluating the association of clinical presentation, severity of disease, management, and outcome in patients of diabetes mellitus with uncontrolled and controlled blood sugar levels.

Method {#Sec2}
======

Study design {#Sec3}
------------

The present retrospective, observational study was conducted on eighty COVID-19 patients with known cases of type 2 diabetes mellitus (T2DM) already on antidiabetic medications, admitted to S.M.S. Medical College and Attached Hospitals, Jaipur, Rajasthan, India. Based upon the glycemic control, all patients of T2DM were categorized into two separate groups. Group 1 had T2DM patients with poorly controlled blood sugar levels as indicated by HbA1c more than 8 g%. Group 2 included patients of T2DM, with controlled blood sugar levels as indicated by HbA1c less than 8 g%. Both of these groups were matched for age, gender, and absence of other comorbidities. In order to negate the implication of other comorbid conditions, we have taken into consideration COVID-19-positive patients with known to type 2 diabetes mellitus only and no other health-related chronic issues.

Data collection {#Sec4}
---------------

The diagnosis of COVID-19 was based on the World Health Organization interim guidance, wherein confirmed cases were positive on reverse transcriptase polymerase chain reaction (RT-PCR) assay of nasal and pharyngeal swab specimens \[[@CR1]\]. Patients of T2DM after exclusion of other comorbidities were segregated and categorized in two groups based on their glycemic control. Information regarding epidemiological data, medical history, clinical manifestations, laboratory findings, chest radiograph (CXR) findings, ultrasonography (USG) chest, high-resolution computed tomography (HRCT) scans of the chest, diabetic complications, treatment, and outcome was extracted from medical records of admitted patients. The laboratory findings were based upon hemogram, c-reactive protein (CRP), ferritin, fibrin degradation product (FDP), D-dimer, and interleukin-6 (IL-6). Radiological findings were inferred using average visual score from digital chest radiograph (CXR) (scored from 0 to 4 according to visual assessment of involved lung area) \[[@CR9]\], average severity score from USG chest (classified on sliding scoring scale of severity on the basis of 14 zone severity scores ranging from 0 to 42) \[[@CR10]\], CT severity score from HRCT chest (assigned out of 25 based upon percentage area involved in each of the 5 lobes) \[[@CR11]\], and proportion of patients with CT severity scores \> 10/25. The data of patients with diabetes complications, particularly diabetic ketoacidosis and septic shock, was collected. Data regarding treatment among both groups by the use of hydroxychloroquine (HCQ), lopinavir-ritonavir combination therapy (LPV/r), ICU care, and non-invasive ventilation (NIV) was also collected. Outcome of COVID-19-infected patients was measured by the number of recovered patients, duration of seroconversion (duration from first positive to first negative RT-PCR for COVID-19), duration of hospital stays, and number of deaths during the course of treatment. The collected data was compiled, tabulated, interpreted, and correlated in both the groups to establish differences in COVID-19 manifestations on the basis of glycemic control in T2DM.

Statistical analysis {#Sec5}
--------------------

The descriptive statistics for quantitative data was expressed as mean and standard deviation, and qualitative data was expressed as proportions. The parameters were compared among different groups using chi-square and z-score test for significant differences. The level of significance was assigned at a *p* value less than 0.05.

Results {#Sec6}
=======

In the present study, 22 patients (27.50%) had poorly controlled blood sugar levels with HbA1c level more than 8 g% and belonged to group 1, whereas 58 patients (72.50%) had controlled blood sugar levels with HbA1c level less than 8 g% that belonged to group 2. The mean age of SARS-CoV-2-infected patients with T2DM was 61.45 years (95% CI: 61.45 ± 5.08, SD = 11.59). Mean age of uncontrolled diabetes group was 63.2 years (95% CI: 63.2 ± 4.35, SD = 4.96), whereas mean age in controlled diabetes group was 60.86 years (95% CI: 60.86 ± 6.67, SD = 13.18), and the difference was non-significant (*p* = 0.489) (Table [1](#Tab1){ref-type="table"}). There were no significant gender differences among the groups (*p* = 0.301). Other comorbidities with COVID-19 have not been considered to understand entirely the impact of uncontrolled glycemic condition on predisposition and severity in COVID-19-infected patients.Table 1COVID-19 manifestation in patients with diabetes mellitus and their correlation with glycemic controlCharacteristicsTotal no./mean value (*N* = 80)Group 1: Hb1Ac \> 8 g/dL (*N* = 22)Group 2: Hb1Ac \< 8 g/dL (*N* = 58)*p* valueAge61.45 year (95% CI: 61.45 ± 5.08, SD = 11.59)63.2 year (95% CI: 63.2 ± 4.35, SD = 4.96)60.86 year (95% CI: 60.86 ± 6.67, SD = 13.18)0.489Gender  Male46 (57.5%)12 (54.54%)34 (58.62%)~*x*~2 = 1.069, *p =* 0.301.  Female34 (42.5%)10 (45.45%)24 (41.38%)Clinical features  Symptomatic patients24 (30.00%)11 (50.00%)13 (22.41%)*z* = 2.404, *p* = 0.0164  Fever12 (15.00%)3 (13.64%)9 (15.52%)*z* = 0.210, *p* = 0.833  Cough13 (16.25%)7 (31.82%)6 (10.34%)*z* = 2.324, *p* = .0203  Shortness of breath9 (11.25%)5 (22.73%)4 (6.90%)*z* = 2.000, *p* = 0.0455  Sore throat7 (8.75%)2 (9.09%)5 (8.62%)*z* = 0.0665, *p* = 0.9442  Headache4 (5.00%)1 (4.55%)3 (5.17%)*z* = 0.1149, *p* = 0.9124  Chest pain3 (3.75%)1 (4.55%)2 (3.45%)*z* = 0.2306, *p* = 0.8181  Other4 (5.00%)2 (9.09%)2 (3.45%)*z* = 1.034, *p* = 0.3030Laboratory investigation  Total leukocyte count (× 10^9^ /L)7.48 × 10^9^/L ± 4.239.64 × 10^9^/L ± 7.117.01 × 10^9^/L ± 4.01*p* = 0.0403  Platelet (Lac/μL)2.12 Lac/μl ± 0.642.34 Lac/μl ± 0.92.08 Lac/μl ±0.48*p* = 0.0989  Neutrophil/lymphocyte ratio3.15 ± 1.983.98 ± 2.263.00 ± 1.84*p* = 0.0495  C-reactive protein (mg/L)6.32 mg/L ± 3.897.25 mg/L ± 5.266.11 mg/L ± 3.48*p* = 0.2629  Ferritin (ng/mL)373.58 ng/mL ± 491.93464.56 ng/mL ± 489.56361.23 ng/mL ± 396.54*p* = 0.333  FDP (μg/L)30.28 μg/L ± 35.1243.22 μg/L ± 43.9324.69 μg/L ± 32.64*p* = 0.0433  D-dimer (μg/L)4.56 μg/L ± 5.986.78 μg/L ± 6.14.05 μg/L ± 5.12*p* = 0.047  IL-6 (pg/mL)58.60 pg/mL ± 53.8278.52 pg/mL ± 70.6450.32 pg/mL ± 48.52*p* = 0.0256Radiological imaging  Chest radiograph802258    Average visual score0.78 ± 0.901.12 ± 1.040.68 ± 0.78*p* = 0.0439    Classic for COVID images20 (25.00%)6 (27.27%)14 (24.14%)*z* = 0.2891, *p* = 0.7718  USG chest16 (20.00%)5 (22.72%)11 (18.96%)*z* = 0.3756, *p* = 0.7039    Average severity score16.14 ± 11.3217.21 ± 13.2515.84 ± 10.84*p* = 0.8274  HRCT chest30 (37.50%)8 (36.36%)22 (37.93%)*z* = 0.1293, *p* = 0.8965    CT severity score7.4 ± 6.7511.96 ± 8.626.1 ± 6.21*p* = 0.0489    CT severity score \> 10/2512 (40.00%)6 (75.00%)6 (27.27%)*z* = 2.359, *p* = 0.0182Diabetic complication  Diabetic ketoacidosis6 (7.50%)4 (18.18%)2 (3.45%)*z* = 2.234, *p* = 0.0257  Septic shock9 (11.25%)5 (22.73%)4 (6.90%)*z* = 2.000, *p* = 0.0455Treatment  Insulin therapy38 (47.50%)15 (68.18%)23 (39.66%)*z* = 2.281, *p* = 0.0226  Lopinavir-ritonavir11 (13.75%)5 (22.73%)6 (10.34%)*z* = 1.436, *p* = 0.1498  ICU care5 (6.25%)3 (13.64%)2 (3.45%)*z* = 1.680, *p* = 0.0929  Non-invasive ventilation4 (5.00%)3 (13.64%)1 (1.72%)*z* = 2.182, *p* = 0.0292Outcome  Recovered patients40 (50.00%)8 (36.36%)32 (55.17%)*z* = 1.502, *p* = 0.1336  Death14 (17.50%)7 (31.82%)7 (12.07%)*z* = 2.075, *p* = 0.0375  Duration of seroconversion7.38 days (95% CI: 7.38 ± 2.01, SD = 6.42)8.12 days (95% CI: 8.12 ± 2.84, SD = 7.98)7.08 days (95% CI: 7.08 ± 1.85, SD = 6.18)*p* = 0.5614  Duration of hospital stay14.61 days (95% CI: 14.61 ± 1.89, SD = 5.80)16.94 days (95% CI: 16.94 ± 2.80, SD = 6.45)13.91 days (95% CI: 13.91 ± 1.69, SD = 5.34)*p* = 0.0479

Clinical presentation {#FPar2}
---------------------

Overall, 24 patients (30.00%) had symptomatic presentation. Group 1 (50.00%) exhibited a significantly greater (*p* = 0.0164) symptomatic presentation as compared with group 2 (22.41%). Most of the COVID-19-infected patients with T2DM presented with cough (16.25%), fever (15.00%), shortness of breath (11.25%), and sore throat (8.75%). A few patients also reported for headache (5.00%), chest pain (3.75%), and symptoms (5.00%) like pain in the abdomen, vomiting, diarrhea, and altered sensorium. Cough (31.82% in group 1 vs 10.34% in group 2) and shortness of breath (22.73% in group 1 vs 6.90% in group 2) were found more often (*p* \< 0.05) in uncontrolled diabetes group compared with controlled diabetes group with *p* values 0.0203 and 0.0455, respectively.

Laboratory findings (Table [1](#Tab1){ref-type="table"}) {#FPar3}
--------------------------------------------------------

The blood profile of both the groups showed normal total leukocyte counts (TLC) with an average TLC 7.48 × 10^9^/L ± 4.23, platelet count 2.12 Lac/μl ± 0.64, and neutrophil/lymphocyte (N/L) ratio 3.15 ± 1.98. However, uncontrolled diabetes group showed higher TLC and N/L ratio, i.e., 9.01 × 10^9^ and 3.98, as compared with controlled group with values 7.01 × 10^9^ (*p* = 0.0403) and 3.00 (*p* = 0.0495). The other laboratory parameters taken into consideration were as follows: c-reactive protein, ferritin, fibrin degradation product, D-dimer, and interleukin-6. The biochemical parameters were found to be more significantly variable among the two groups of patients. The parameters such as FDP 43.22 μg/L vs 24.69 μg/L (*p* = 0.0433), D-dimer 6.78 μg/L vs 4.05 μg/L (*p* = 0.047), and IL-6 levels 78.52 pg/mL vs 50.32 pg/mL (*p* = 0.0256) were observed to be elevated in group I patients in comparison with group II patients.

Radiological findings {#FPar4}
---------------------

For the assessment of lung involvement in sample population, digital chest radiograph (CXR) of all patients, USG chest of 16 patients (20.00%), and HRCT chest of 30 patients (37.50%) were available. CXR represented classic for COVID-19 images in 20 patients (25.00%) with an average visual score of 0.78 ± 0.90 out of 4. USG severity score was 16.14 ± 11.32 out of 42. The average CT severity score was 7.4 ± 6.75 out of 25 with CT severity score \> 10/25 in 12 patients (40.00%). CXR average visual score was significantly (*p* = 0.0439) higher in group 1 (1.12) than group 2 (0.68). CT severity score was significantly (*p* = 0.0489) higher in uncontrolled diabetes group (11.96) as compared with controlled diabetes group (6.1) with a CT severity score \> 10/25 in 75.00% and 27.27% patients in respective groups (*p* = 0.0182).

Diabetic complications {#FPar5}
----------------------

Six patients (7.50%) developed diabetic ketoacidosis (DKA), and nine patients (11.25%) had septic shock. DKA developed more often (*p* = 0.0257) in patients of uncontrolled diabetes (18.18%) as compared with the controlled diabetes group (3.45%). Septic shock was observed in 22.73% patients of uncontrolled diabetes, whereas it was 6.90% in controlled diabetes group.

Analysis of severity, management, and treatment in the two groups {#FPar6}
-----------------------------------------------------------------

An observed comparison of uncontrolled and controlled glycemic patients showed that uncontrolled diabetic patients (68.18%) required insulin therapy more often (*p* = 0.0226) than the controlled group (39.66%). Requirement of non-invasive ventilation was significantly more in uncontrolled diabetes group as compared to controlled diabetes group patients (*p* = 0.0292), along with higher ICU care requisite for group I, whereas the need of LPV/r combination therapy for COVID-19 treatment in standard dosage did not differ significantly (*p* = 0.1498) between the two groups.

Outcome {#FPar7}
-------

In total, 80 patients were considered; out of that, 40 patients (50.00%) recovered, whereas 14 patients (17.50%) succumbed to COVID-19, and remaining patients were undergoing treatment until the date this study was compiled. Average duration of hospital stays was significantly prolonged (*p* = 0.0479) in patients with uncontrolled diabetes (16.94 days) as compared with patients with controlled diabetes (13.91 days). As observed from the collected data, the average recovered patients of uncontrolled diabetic group were very low (36.36%) in comparison with group 2 (55.17%). Not only this, significantly, higher COVID-19-related mortality was observed in uncontrolled diabetes group (31.82% vs 12.07%).

Discussion {#Sec7}
==========

In our study, we have observed that uncontrolled diabetes has significantly altered the biochemical parameters along with worsening of prognosis. Diabetes mellitus predisposes an individual to a certain type of infection and mortality \[[@CR12]\] including the COVID-19, although its risk as associated comorbidity in COVID-19 needs further exploration. The prevalence of T2DM in India is 7.3% \[[@CR13]\], thereby predisposing a large proportion of population to COVID-19 and its complications. Type 2 diabetes mellitus as a consequence of metabolic syndrome and obesity predisposes to immune dysfunction with raised inflammatory factors and chemokines \[[@CR14], [@CR15]\]. ACE2 possessing anti-inflammatory property has been linked to SARS-CoV-2 invasion in human cells, and its expression is found reduced in patients of diabetes mellitus, possibly due to glycosylation \[[@CR16]\]. This might explain higher predisposition of COVID-19 patients with diabetes mellitus to severe acute lung injury and ARDS \[[@CR16]\]. Immunostaining technique has revealed an enhanced staining characteristic for ACE2 in islet tissue as compared with the exocrine pancreatic tissues suggesting a plausible role of coronavirus in islet destruction \[[@CR17]\]. Thus, COVID-19 might lead to a sharp fluctuation in blood glucose level in diabetes patients, adversely affecting the varied clinical presentation of the disease.

In the present study, clinical presentation was more pronounced in uncontrolled diabetes group as compared with controlled diabetes group. Cough and shortness of breath occurred more often in uncontrolled diabetes patients, and the underlying cause for such presentation might be early and extensive lung involvement in COVID-19 infection due to glycemic variation. This was evident by baseline CXR findings of the study that suggested a higher proportional lung involvement in uncontrolled diabetes group as compared with controlled diabetes group. Moreover, a high CT severity score also indicated extensive lung involvement in uncontrolled diabetic patients. The aforementioned clinical picture supported by radiological findings suggested a severe pneumonia in uncontrolled diabetic patients as compared with the controlled diabetic patients.

The average total leukocyte count was observed higher in uncontrolled diabetes that could be attributable to an increased secondary inflammatory response in these patients. Neutrophil to lymphocyte ratio was also raised in peripheral blood of uncontrolled diabetes patients, possibly due to neutrophilia or a relative lymphocytopenia as a consequence of COVID-19 infection. Furthermore, the serum levels of inflammatory biomarkers such as IL-6, ferritin, and CRP were alarmingly raised in uncontrolled diabetes group. IL-6 is a predictor of disease severity and prognosis \[[@CR18]\], and in a study conducted by Huang et al., it was reported that levels of IL-6 were elevated along with significantly reduced lymphocyte count, in patients with SARS-CoV-2 infection \[[@CR19]\]. Excessively raised ferritin level is an indicator of activation of the monocyte-macrophage system that contributes significantly to the inflammatory storm associated with COVID-19 \[[@CR20]\]. In the present study, raised ferritin levels were observed in uncontrolled diabetes, suggesting a higher susceptibility of such patients for an inflammatory storm, responsible for rapid deterioration due to COVID-19. Inflammation-associated hypoxia might induce thrombin activation with a consequent unfolding of exogenous coagulation pathway \[[@CR20]\]. Inflammatory storm in COVID-19 is associated with significant rise in D-dimer levels, and similar pattern has been observed in our study as well where uncontrolled glycemic patients had significantly increased levels of D-dimer as compared with controlled diabetic patients. This finding is an indication of a hypercoagulable state and even disseminated intravascular coagulation in such patients. Patients of uncontrolled diabetes mellitus were more prone to develop diabetic complication during the natural course of COVID-19 as compared with the controlled diabetes group. Patients with uncontrolled diabetes developed diabetic complication like diabetic ketoacidosis and septic shock, more often.

Patients with uncontrolled diabetes mellitus required aggressive pharmacological and supportive treatments compared with controlled diabetes group as is much evident from more frequent requirement of insulin therapy in group I. Moreover, need of supportive therapies such as non-invasive ventilation and ICU care was also higher in uncontrolled diabetes patients. A low recovery rate, high mortality, and prolonged hospitalization indicated poor outcome in patients with uncontrolled diabetes mellitus as compared with control glycemic group of diabetes mellitus.

Conclusion {#Sec8}
==========

In the current retrospective study, we have considered 80 COVID-19-infected patients with T2DM and characterized them with biochemical, radiological, and other required clinical parameters. From the various observations, it can be concluded that uncontrolled diabetes mellitus may predispose an individual to a severe and fatal COVID-19 infection. The severity of COVID-19 in diabetics could be attributable to the dysfunctional immune system, with a simultaneous susceptibility to viral infection and an exaggerated immune response like cytokine storm. Such a status of immunity provides a favorable condition for viral survival and longer recovery duration in diabetics. COVID-19 patients with uncontrolled diabetes require higher attention in terms of pharmacological and supportive treatment than those with controlled diabetes group. A high prevalence of T2DM in India predisposes a large proportion of population to COVID-19 and its complications. HbA1c more than 8 g% in patients with uncontrolled diabetes mellitus should be considered a risk factor for an overall higher susceptibility for COVID-19 infection and severity in terms of symptomatic presentation, inflammatory storm, rapid pulmonary invasion, requirement of more intensive treatment, and a poor outcome. Hence, an extreme care for preventing COVID-19 in people with underlying DM is advisable beside an intensive care in already infected individuals.
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